LIST OF TABLES
Page no.
Comparison of load flow results for 69-node RDN 26
between the proposed algorithm () and the algorithm proposed in [20] vi This system is called Directly earthed or Earthed system. In a network, the earthing system plays a very important role. When an insulation fault occurs or a phase is accidentally earthed, the values taken by the fault currents, the touch voltages and over voltages get closely linked to the type of neutral earthing connection. A directly earthed neutral strongly limits over voltages but it causes very high fault currents, same as an unearthed neutral limits fault currents result to very low values but encourages the occurrence of high over voltages.
LIST OF ABBREVATIONS
In any installation, service continuity in the event of an insulation fault is also directly related to the earthing system. An unearthed neutral permits service continuity during an insulation fault. Contrary to this, a directly earthed neutral, or low impedance-earthed neutral, causes tripping as soon as the first insulation fault occurs. In order to meet these specifications, a properly designed and operated radial distribution network should possess the following characteristics.
1. The system should support energy supply at minimum operation and maintenance cost and should satisfy the social and engineering aspects.
2. It must satisfy the continuous changing of the load demand for active and reactive power.
3
Unlike other forms of energy, electricity is not easily stored and thus, adequate "spinning" reserve of active and reactive power should be maintained and controlled in an appropriate manner.
4. The power supply must meet the following specific standards to maintain the quality of service offered a. Regulated voltage b Well maintained constant frequency c. Level of reliability/security that guarantees consumers satisfaction.
Objective
The objective of thesis work is to propose a new algorithm. This algorithm exploits stack data structure for branch currents computation since stack data structure is a linear data structure so this algorithm can also be called as linear data structure based Load Flow Analysis algorithm. It is key issue addressed in proposed algorithm to facilitate an easy calculation of currents in all the branches. In fact time and space complexity used by algorithm are the two main measures that decide the efficiency of algorithm.
Typical Power Network
An understanding of basic design principles is essential in the operation of electric power systems. This chapter briefly describes and defines electric power generation, transmission, and distribution systems (primary and secondary). A discussion of emergency and standby power systems is also presented. and commercial customers at 120/240/440 volts. In general, the distribution system is the electrical system between the substation fed by the transmission system and the consumers' premises. It generally consists of feeders, laterals (circuit-breakers) and the service mains.
Elements of the Distribution System
In general, the distribution system is derived from electrical system which is Substationally fed by the consumers' premises and the transmission system. It generally consists of feeders, laterals (circuit-breakers) and the service mains. Figure1.2 shows the single line diagram of a typical low tension distribution system.
Distributed Feeders
A feeder is a conductor, which connects the sub-station (or localized generating station) to the area where power is to be distributed. Generally, no tapping are taken from the feeder so that the current in it remains the same throughout. The main consideration in the design of a feeder is the current carrying capacity. 
Distributor
A distributor is a conductor from which tapping are taken for supply to the consumers. In Figure1. 2, AB, BC, CD, and DA are the distributors.
The current through a distributor is not constant because tapping are taken at various places along its length. While designing a distributor, voltage drop along its length is the main consideration since the statutory limit of voltage variations is 10% of rated value at the consumer's terminals.
Service mains
A service mains is generally a small cable which connects the distributor to the consumer's terminals.
Requirements of a Distribution System
It is mandatory to maintain the supply of electrical power within the requirements of (e) Efficiency : The efficiency of transmission lines should be maximum say about 90%.
Classification of Distribution System
A distribution system may be classified on the basis of:- • Ladder network methods implementation finds suitability and practical application for single source radial structure networks with high R/X ratio;
• Nodal analysis methods are suitable for multiple-source systems.
• The characteristics of RDNs are dynamic in nature
Features of RDN
1. Uncertainties and Imperfection of network parameters.
2. High R/X ratio 3. Extremely large number of nodes and branches.
4. Dynamic change in imposed load.
Ring main system
The loop (or ring) distribution system is one that starts at a distribution substation, runs through or around an area serving one or more distribution transformers or load centre, and returns to the same substation.
The ring main system has the following advantages:
a) There are very less voltage fluctuations at consumer's terminals.
b) The system is very reliable as each distributor is fed with two feeders. In case, of fault in any section of feeder, the continuity of supply is maintained.
Organization of Dissertation Work:
The dissertation comprises of five chapters. The brief description of each chapter is as follows.
Chapter 1 starts with a brief descriptions on electric power distributions system, load flow analysis of distribution system and network reconfiguration of distribution system. It also includes the objective of the dissertation; research methodology used to serve this The formulation of the algorithm for those methods were different from the Newton's power flow method, which made those methods hard to be extended to other applications in which the Newton method seemed more appropriate.
Tripathy et al. [12] presented a Newton like method for solving ill-conditioned power systems. Their method showed voltage convergence but could not be efficiently used for optimal power flow calculations.
Baran and Wu [13] , proposed a methodology for solving the radial load flow for analyzing the optimal capacitor sizing problem. In this method, for each branch of the network three non-linear equations are written in terms of the branch power flows and bus voltages. The number of equations was subsequently reduced by using terminal conditions associated with the main feeder and its laterals, and the Newton-Raphson method is applied to this reduced set. The computational efficiency is improved by making some simplifications in the jacobian.
Chiang [14] had also proposed three different algorithms for solving radial distribution networks based on the method proposed by Baran and Wu .He had proposed decoupled, fast decoupled & very fast decoupled distribution load-flow algorithms. In fact decoupled and fast decoupled distribution load-flow algorithms proposed by Chiang [14] were similar to that of Baran and Wu [13] .
Goswami and Basu [15] had presented a direct method for solving radial and meshed distribution networks. However, the main limitation o f their method is that no node in the network i s the junction of more than three branches, i.e one incoming and two outgoing branches.
Jasmon and Lee [16] had proposed a new load-flow m e t h od for obtaining the so lu t io n o f radial distribution networks. They have used the three fundamental equations representing real power, reactive power and voltage magnitude derived in [15] .
They have solved the radial distribution network using these three equations by reducing the whole network into a single equivalent.
Das et al. [17] had proposed a load-flow technique for solving radial distribution networks by calculating the total real and reactive power fed through any node using power convergence with the help of coding at the lateral and sub lateral nodes for large system that increased complexity of computation. This method worked only for sequential branch and node numbering scheme. They had calculated voltage of each receiving end node using forward sweep. They had taken the initial guess of zero initial power loss to solve radial distribution networks. It can solve the simple algebraic recursive expression of voltage magnitude and all the data can be easily stored in vector form, thus saving an enormous amount of computer memory.
Haque [18] presented a new and efficient method for solving both radial and meshed networks with more than one feeding node. The method first converted the multiple-source mesh network into an equivalent single-source radial type network by setting dummy nodes. Then the traditional ladder network method could be applied for the equivalent radial system. Unlike other method effect of shunt and load admittances are incorporated in this method because of which it can be employed to solve special transmission networks. This method has excellent convergence for radial network. But in order to implement this algorithm, a lot of programming efforts are required.
Sivanagaraju et al. [22] proposed a distinctive load flow solution technique which is used for the analysis of weakly meshed distribution systems. A branch-injection to branchcurrent matrix is formed (BIBC) and this matrix is formed by applying Kirchhoff's current law for the distribution network. Using the same matrix that is BIBC a solution for weakly meshed distribution network is proposed.
Kumar and Arvindhababu [23] presented an approach for power flow solutions to obtain a reliable convergence in distribution systems. The trigonometric terms were eliminated in the node power expressions and thereby the resulting equations were partially linearized for obtaining better convergence. The method was simpler than existing approaches and solved iteratively similar to Newton-Raphson (NR) technique.
Augugliaro et al. [24] had proposed a method for the analysis of radial or weakly meshed distribution systems supplying voltage dependent loads. The solution process is iterative and at every step loads are simulated by impedances. Therefore it is necessary to solve a network made up only of impedances; for radial systems, all the voltages and currents are expressed as linear functions of a single unknown current and for mesh system two unknown currents for each independent mesh. Advantages of this method are: its possibility to take into account of any dependency of the loads on the voltage, very reduced computational requirements and high precision of results.
Gurpreet kaur [25] In this thesis, a new method of load-flow technique for solving radial distribution networks by sequential numbering scheme has been proposed. The aim of this thesis is to reduce data preparation and propose a method to identify the nodes beyond each branch with less computation.
couple of new schemes for network reconfigurations are investigated and simulation test results are presented.
Scope of the Research
Literature survey shows that a number of methods had been proposed for load-flow solution of radial distribution networks. In some cases authors had used the data as it is without reducing data preparation and in some cases authors have tried to reduce the data preparation. Since the distribution system is radial in nature having high R/X ratio, the load flow methods become complicated. The aim of this thesis work is to reduce the data preparation using the sequential numbering scheme and the radial feature of distribution networks. The proposed method not only reduces the data preparation but also increases the efficiency of the load flow.
LOAD FLOW ANALYSIS OF RADIAL DISTRIBUTION NETWORK

Introduction
A planned and effective distribution network is the key to cope up with the ever increasing demand for domestic, industrial and commercial load. The load-flow study of radial distribution network is of prime importance for effective planning of load transfer. In majority of LFA algorithms reported so far, researchers have used forward and reverse sweep mechanism predominately. As leaf (terminal) node identification is a vital component to run LFA algorithm, while estimating the network branch currents during the reverse sweep, so work reported in this chapter mainly proposes an new LFA algorithm, which utilize the efficient scheme for leaf node identification proposed by Chaturvedi and Prasad [20] .
This chapter is organized as follows. The mathematical modeling of load flow analysis is reported in section 3.2; a new load flow algorithms is covered in section 3.3.
Performance analysis of proposed algorithm and comparison with earlier reported studies covered in section 3.4.
Mathematical Model of Radial Distribution Network
In RDNs, the large R/X ratio causes problems in convergence of conventional load flow The complex power fed to node i can be represented by 
On equating real and imaginary part equation (9) can be split as
and 
On squaring and adding equations (10) and (11) 
On dividing equation (11) by equation (10), following expression results (14) Thus, once branch currents are computed, the node voltages are estimated using the above equations. Hence, the complexity of the solutions lies in the computation of branch currents. This paper presents a relatively simple and efficient procedure to identify the leaf node of a RDN and subsequently estimate the branch currents and node voltages. In a typical load flow study, without any prior knowledge, the following iterative procedure is followed.
Step 1: Read the system data and initially set all the node voltages to 1.0 p. u. (per unit) and branch currents to 0.
Step 2: Compute the currents for all the branches of the RDN.
Step 3: Update the node voltages using the computed branch currents.
Step 4: If the absolute value of the difference between the previous (iteration) and present (iteration) voltage at any node is more than some preset value (0.0001), then go to
Step 2 else stop.
Pseudo code for LFA algorithm is given in section 3.3. Once the convergence criterion is satisfied in LFA algorithm execution, the real and reactive power losses in a particular branch are computed as follows:
The nomenclature of variables used in equations 1-16 are as follows. ,where R is number of iteration required to get the converged solutions.
The amount of memory required by an algorithm at run time to solve a problem, which is expressed as a function of input data size, is known as the space complexity of that problem. This algorithm uses array and a stack to store the data of size NB. There are no recursive procedures or dynamic memory allocations. Since the array and stack used are one dimensional, it is apparent that the space complexity is only O(N).
RESULT
In this thesis, the load flow algorithm proposed by Prasad et. al. [20] is amended on integrating sub-module for leaf node identification [26] . The modified LFA algorithm is tested on two different distribution networks, viz. 34-bus and 69-bus RDN. For both the networks voltage profile at all the network nodes (buses) so obtained from proposed LFA algorithm is same as one reported in [20] and is presented here in Table 1 for 69-bus RDN. However, uses of proposed scheme yield a remarkable saving in number of steps execution required to get converged load flow solutions. In general any n-node RDN consisting m leaf node and suppose r iteration are required for reaching steady state condition ,the proposed LFA algorithm requires approximately 3n + +r(n+ n.m +n(n-m) +n) i.e. O(n²) +O(r*n²) steps, while using LFA algorithm reported in [20] ,the number of steps attains a value 3n +n² +r(n +n² +n² +n) i.e. O(n²)+O(r*2n²). Hence, there is significant saving in no. of steps execution as the value of m is very less as compared to the value of n. On using the proposed Load Flow Analysis algorithm, considerable amount of saving can be achieved in number of steps execution, required to obtain steady state load flow solutions. Further, on account of algorithm's complexity order; although, the overall complexity of the proposed Load Flow Analysis algorithm is approximately same as one proposed i [20] . As for static network topology, the uses of proposed scheme renders saving in time; it indicates that for the network optimization aspects, when network topology undergoes dynamic reconfiguration and thus, this process leads to number of distinct static network topologies. Obviously, for each of these static network topologies, saving in time required for load flow analysis for all these network topologies will be a phenomenal figure.
There is significant saving in no. of steps execution as the value of m is very less as compared to the value of n.
Future scope :
Using graph theory concept and exploiting multi-cores architecture, the proposed method for load flow can be further investigated for obtaining more optimized solutions. 
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